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(57)Abstract: 

PURPOSE: To obtain high-purity silicon single crystal having a trace amt. of oxygen induced defects in 
production of the silicon single crystal by a CZ method or MCZ method. 

CONSTITUTION: The concn. of the metallic impurities in the surface layer of a graphite crucible 2 
fitted to the outer side of a quartz crucible 3 is confined to <200ppmwt and the concn. of the metallic 
impurities included in the entire part of the graphite crucible 2 is confined to <2ppmwt. The pulling up 
of the silicon single crystal 8 is executed by managing the concn. of the metallic impurities of the 
graphite crucible 2 in such a manner, by which the amt. of the metallic elements evaporating from the 
graphite crucible 2 in a high-temp, state is drastically decreased and the clean silicon single crystal 
having the substantially negligible oxygen induced defects is produced. 



[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 296 1 340 

[Date of registration] 06.08.1 999 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



LEGAL STATUS 



[Date of request for examination] 



30.09.1996 



http://wwwl9.ipdl.ncipi.go jp/PAl/result/detail/main/w AAAIxaWNSDA406016495Pl.htm 7/25/2006 



JP,06-016495,A [CLAIMS] 



Page 1 of 1 



* NOTICES * 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the high-purity-silicon single crystal characterized by setting to 2 or 
less ppmwts metal high impurity concentration which sets to 200 or less ppmwts metal high impurity 
concentration in the surface of the carbon material structure used for the elevated-temperature part in a 
furnace in the silicon single crystal manufacturing installation by the Czochrlski method which impresses 
the Czochrlski method or a magnetic field, and is contained in said carbon material structure. 
[Claim 2] The number of oxygen induction defects is five-piece cm2 at the average. The following and 
maximum are 100-piece cm2. n mold high-purity-silicon single crystal by the manufacture approach of the 
high-purity-silicon single crystal of claim 1 characterized by being the following. 



[Translation done.] 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F 0 /o2Fwww4.ipdl.ncipi.... 7/25/2006 



JP,06-016495 t A [DETAILED DESCRIPTION] 



Page 1 of 3 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the high-purity-silicon single crystal manufactured using 
the manufacture approach of the high-purity-silicon single crystal by the Czochrlski method which 
impresses the Czochrlski method or a magnetic field, and said manufacture approach 
[0002] 

[Description of the Prior Art] Although the high purity silicon is mainly used for the substrate of a 
semiconductor integrated circuit component, this high purity silicon is single-crystal-ized, the CZ process, 
i.e., MCZ method etc., for impressing the Czochrlski method (henceforth a CZ process), and a magnetic 
field etc. In the single crystal which was able to be pulled up using the CZ process or the MCZ method, 
oxygen is dissolving and this oxygen has played the important role in the substrate manufacture process of a 
semiconductor integrated circuit component. That is, the oxygen in a silicon single crystal catches the metal 
impurity mixed in a component manufacture process (gettering), and raises the electrical property of a 
component. To the oxygen density, since it is very sensitive, said gettering operation occupies the important 
location on manufacture of the silicon single crystal according [ control of an oxygen density ] to a CZ 
process or the MCZ method. 

[0003] In silicon melt, the oxygen into which the oxygen in a silicon single crystal deposited from the quartz 
crucible is incorporated by penetration at the time of raising of a silicon single crystal, and this is 
incorporated in a solid-state. The oxygen which melted into melt from the quartz crucible moves by the heat 
convection in the inside of melt. It is known that 90% or more of the oxygen which melted into said melt 
will evaporate as silicon monoxide (SiO) from a melt front face (refer to reference- 1 :LANDOLT- 
BORNSTEIN, EDS:K-H.HELLWEGE, and O.MADELING VOL.17 (1984) 40 SPRINGER- VERLAG). 
[0004] The quality improvement demand of the silicon single crystal by the CZ process or the MCZ method 
is still severer with the improvement in a degree of integration of a semiconductor integrated circuit 
component. Since especially an oxygen induction defect (it is also called OSF) is a thing which makes a 
substrate surface layer produce a defect, it considers that the reduction influences the yield of an integrated 
circuit device directly. Since said oxygen induction defect was produced when the silicon wafer which 
carried out intentionally contamination was heat-treated, it became clear that it is what is produced when a 
metal exists in a silicon single crystal periodically [ in recent years ] (refer to reference- 
2: ELECTROCHEMICAL SOCIETY, 169TH SOCIETY MEETING EXTENDED ABSTRACT VOL. 86-1, 
and 372 (1986)). Therefore, reduction of a metallic element has been an important technical problem on 
high quality silicon single crystal manufacture. 

[0005] It was thought that two or more pollution sources in the silicon single crystal raising process by the 
CZ process existed conventionally. That is, it is a quartz crucible (an impurity melts into silicon melt during 
growth of a single crystal) as the 3rd pollution source of an impurity (3) which deals with it with crushing of 
polycrystalline silicon, and sometimes adheres as the 2nd pollution source of polycrystalline silicon (2) as 
the (1) 1st pollution source. 

(4) Since the flow of inert gas prevents the back diffusion of electrons to melt even if there is evaporation of 
the impurity from a part which is a furnace atmosphere under silicon single crystal raising as the 4th 
pollution source, and was heated about the above (4) among these pollution sources by the elevated 
temperature in a furnace, it is supposed that it will not become a problem (said reference -1 reference). And 
research has been chiefly done about the pollution source of the above (3) 
[0006] 

[Problem(s) to be Solved by the Invention] Although carbon material is generally used for the hot zone 
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parts, for example, outside crucible, of a single crystal manufacturing installation by the CZ process, it is 
considered that the contamination by these carbon material is what can be disregarded from the former (said 
reference -1 reference). However, also although it is called the carbon material of a high grade, the impurity 
of ppm order is included. And the carbon material in a furnace of the single crystal manufacturing 
installation by (1) CZ process reacts with the silicon monoxide which evaporates briskly from silicon melt 
as shown below. 

2C(solid-state)+SiO(gas) ->CO(gas)+SiC (solid-state) 

(2) If it contacts, the carbon material, i.e., the graphite crucible, which are a quartz crucible and its supporter 
under an elevated temperature, oxidation reaction of carbon material will be produced too and a carbon 
monoxide (CO) will be generated. Consequently, the metal metallurgy group oxide which gasifies a quartz 
and carbon material and was not able to be gasified is accumulated between a quartz crucible and a graphite 
crucible, and raises the concentration. 

(3) In addition to the above, the metal impurity in the quartz crucible which is storing silicon melt moves 
into silicon melt with fusion of a quartz crucible, evaporates as a metallic oxide from a melt side, and 
adheres in a furnace. The metallic element adhering to the elevated-temperature section evaporates again, it 
is incorporated in a raising single crystal, and reducing the quality of a single crystal is predicted. 

[0007] In order to confirm the above-mentioned consideration, the amount of the metal impurity contained 
in the surface of the graphite crucible used many times was measured. First, the surface of the graphite 
crucible used many times was shaved off, the acid extracted the metal contained in the surface, and this was 
analyzed using atomic absorption equipment and inductively-coupled-plasma luminescence equipment. In 
said surface, the amounts of metallic elements, such as Fe, Cr, and nickel, are increasing rapidly with use 
count increase of a graphite crucible. Next, in order to know the depth direction distribution of these 
metallic elements, it investigated using secondary-ion-mass-spectroscopy equipment about distribution of 
the metal impurity of the depth direction which goes to the interior from the front face of the graphite 
crucible before use and the graphite crucible after use. Consequently, it turned out that it is decreasing as 
metal high impurity concentration is high concentration near the front face of a graphite crucible and it goes 
to the interior. The range of the high concentration field of a metal impurity is several mm toward the 
interior from a front face. Moreover, when the consistency of the oxygen induction defect generated in a 
raising single crystal is measured, said consistency is increasing rapidly with the increment in the metal high 
impurity concentration of a graphite crucible. 

[0008] Evaporation of the impurity from a part heated by the elevated temperature within the contents these 
experimental results are indicated to be by said reference -1, i.e., a furnace It is a thing contrary to the 
conventional judgment it is supposed that it has not been a problem since the flow of inert gas can protect 
the back diffusion of electrons to melt. It is shown that it is a thing based on contamination by the metal 
impurity evaporation from the carbon material by which the oxygen induction defective generating cause in 
a raising single crystal is exposed to the elevated temperature, especially a graphite crucible etc. These are 
having discovered for the first time in high quality high-purity-silicon single crystal development of this 
invention person etc. and a research process. This invention was made based on the conventional trouble 
described previously, and this invention person's etc. consideration and experimental result, and aims at 
offering the manufacture approach of a high-purity-silicon single crystal and high-purity-silicon single 
crystal which controlled generating of an oxygen induction defect. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the manufacture approach 
of the high-purity-silicon single crystal concerning this invention In the silicon single crystal manufacturing 
installation by the CZ process or the MCZ method, metal high impurity concentration in the surface of the 
carbon material structure used for the elevated-temperature part in a furnace is set to 200 or less ppmwts. 
And for the silicon single crystal which shall set to 2 or less ppmwts metal high impurity concentration 
contained in said carbon material structure, and is manufactured by such approach, the number of oxygen 
induction defects is five-piece cm2 at the average. The following and maximum are 100-piece cm2. It 
considered as n mold high-purity-silicon single crystal which is the following. 
[0010] 

[Function] Since the metal high impurity concentration of the carbon material structure used for the 
elevated-temperature part in a furnace was restricted to 2 or less ppmwts by the whole which contains 200 or 
less ppmwts and a surface in a surface according to the above-mentioned configuration, when a silicon 
single crystal is raised using such carbon material, generating of an oxygen induction defect can fully be 
controlled. And it sets to n mold high-purity-silicon single crystal by the manufacture approach of the high- 
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purity-silicon single crystal by this invention, and is five-piece cm2 at the average about the number of 
oxygen induction defects. It is 1 00-piece cm2 at the following and maximum. It can stop below 
[0011] 

[Example] Below, the manufacture approach of the high-purity-silicon single crystal concerning this 
invention and the example of n mold high-purity-silicon single crystal by this manufacture approach are 
explained with reference to a drawing. The quartz crucible 3 is attached in the inside of a graphite crucible 2 
established in the chamber 1, drawing 1 is drawing showing the construct of the silicon single crystal 
manufacturing installation by the CZ process, the graphite heater 4 is formed so that said graphite crucible 2 
may be surrounded, and the heat insulating mould 5 is installed in the periphery. The thing of 2 or less 
ppmwts is used for the metal high impurity concentration of the whole in which the metal high impurity 
concentration in a surface is 200 or less ppmwts, and, as for said graphite crucible 2, contains a surface. That 
is, the metal high impurity concentration of the graphite crucible 2 at the time of a new article is stopped by 
2 or less ppmwts regardless of a surface and the whole, and although the metal impurity which deposits near 
a surface with the increment in a use count increases, as for the metal high impurity concentration in a 
surface, only the thing of 200 or less ppmwts will always be used. In addition, as for a crucible shaft and 7, 6 
is [ melt and 8 ] the silicon single crystals under training. 

[0012] While carrying out heating fusion of the raw material with which the quartz crucible 3 was filled up 
at the graphite heater 4, phosphorus was added as dope material. The seed crystal attached in the seed shaft 
being immersed in said melt 7, and rotating a seed shaft and a graphite crucible 2 to this direction or hard 
flow, the seed shaft was pulled up and the silicon single crystal 8 was grown up. Thus, the body section of 
the obtained silicon single crystal was cut and divided, it heat-treated by 1 100-degreeC within the dry 
oxygen ambient atmosphere for 16 hours, after immersion and rinsing and a microscope were used for the 
JIRUTORU-etching reagent, and the number of oxygen induction defects of each cutting plane was 
measured. When the sum total of the number of oxygen induction defects within the 250 time microscopic 
field was made into maximum and the average value of the number of oxygen induction defects within said 
microscopic field measured about five on a single crystal diameter, respectively was made into the average, 
at maximum, the number of oxygen induction defects of said single crystal was 100 or less pieces, and the ' 
average value was five or less pieces. That is, to the number of oxygen induction defects by the conventional 
manufacture approach having been thousands, it means decreasing sharply to some and the oxide-film 
pressure resistance of a silicon single crystal improves remarkably. 
[0013] 

[Effect of the Invention] As explained above, since [ according to this invention ] the metal high impurity 
concentration of the carbon material structure used for the elevated-temperature part in a furnace, especially 
a graphite crucible is restricted to 2 or less ppmwts by the whole which contains 200 or less ppmwts and a 
surface in a surface in the silicon single crystal manufacturing installation by the CZ process or the MCZ 
method and a silicon single crystal is raised, generating of the oxygen induction defect in a raising single 
crystal can fully be controlled. Consequently, n mold high-purity-silicon single crystal which held down the 
number of oxygen induction defects to five or less pieces, and held down maximum to 100 or less pieces by 
the average can be manufactured. 
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DRAWINGS 





[Drawing 1 ] 



[Translation done.] 
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